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Abstract 



A novel human 26S proteasome is prepd. from kidney and characterized. Sepn. of 26S proteasome from human organs or 
cells employs solns. contg. glycerin, 2-mercaptoethanol, dithiothreitol, and ATP with the aids of gel filtration chromatog., 
hydroxy apatite column chromatog., ionic exchanger, or centrifugation in glycerol with gradient concn. The purified 
proteasome exhibiting a mol. wt. of 2000 kDa is comprised of 21 .apprx.31 -kDa 20S proteasome and other regulatory 
components of 35.apprx.1 10 kDa. It is able to degrade ATP and the ubiquitin-bound proteins in the presence of ATP. Its 
activities as ATPase and protease were also demonstrated and the electronmicroscopic morphol. was obsd. 
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1 

mmm*.<r>wg\ 

m*m 1 ] Tf3©»$^w*<fctf&s^«fta£;fr 

•fi> t h 2 6 S ZfUy-TV—k. 

a> 3.t;*?->jwis^b&5a«tATP#ftTTriH» 

© aa^ffit®Ji£Lfcgt|S|^ictt2 6 S?*5 : 
8> 2 0 0 0 k D a (*D:50l>b» T. 2 

l-3 1kDa©20S^Or77-At, *tl&JUZ 
#T33 5-ll 0kDa©*«»B^SeR8±?>«f3c 

sns : 

2 ] t h MR. ttolfiSi^J: 0 SSffett 

ttii!««antth 2 6 s^nyTv-AfcKttr* 

^F&fcfcHT. yjt>J>. 2-^;i/*^hx^y-jp 

t«i»«i:-r*«rfaa*si fcc«an&k h 2 6 s -f 
[irons] «afl:*fl9»»*j*«», yjmmx? 

&m>£fc©T**ffiElt:£E2fcB«3tt&k h2 6 
S^Df7V-A©Sim 

[0 0 0 1] 

[«ft±©*Jffi#»] *8Htt. t h 2 6S^Dt77 

« fc a e * ? >S8-&s e a $ &*rr 5 ftUBA^tt 

[0 0 0 2] 

[ftft©fc*] Mttl^?j&S&Sb>tt£*£:3&S#< 

^tlTt^ [Rechsteiner, M. ed. , U 
bi-quitin, Plen urn, New York 
(1 9 8 8) ] . abf^9 L >«^H 1 ftiK)8, 5 0 0©g 

ear, M&SLmnmmzwamivfr&h. m*®m& 

©ak^^CisgSHw^fcitf^tcteATP 
LftLtzifit>, ;r©ak*^MbLfcSait£##-f$ 

S8©^#r. 5 ±T> #fc>&T#& 

[0 0 0 3] 



(2) $3fBl¥5-2 9 2 9 64 

[0 0 0 4] -rftfcti, **BJtt, 

t h 2 6 s 7nr7 v-A&«&-r* n t sawt-ts 
10 *,©•?<&*. amM*A£iciOT 

h 2 6 s7nx77-A©i$ffl£W6;WcTa;r 

5. 3^as^©«»tga:a.k*?>{bbfcgeM©^«« 
tr-5%)©-e*-5. 

[0 0 0 5] 

[fDSs»ft-r-5&»0^a] ^©.t^ftBwsji^'r 

2? Sfc»©*P!ig©«^tt. fiTF© (1) ~ (2) 

( 1 ) TfH©»^#W*<fclXfea^WttHSr*-r-5 1 h 
2 6 5^05^7 V-A„ 

<D n-H^>*^LfcgeS*ATP#«ETT^ 

-rsstt&irrs : 

© ATP&^-r-5»ttS#-T-& : 
® iS3S'£.«-CSJfeUfcit»«fttt2 6 S-Cafe-5 : 
€> fr^ftteift 2 0 0 0 k D a (*D;50H-» T?, 2 
1-3 1 kDa©2 OS^DT^V-At. -etUW^lC 
JO 35-110kDa ©SSfflB^SaStlSJ: 

ans : 

©**«C:/ny-7V-A©J&j6a*B*Sn-5 : 
[0 0 0 6] (2) fchBgg. «©«aStHi#,i;D£ 
S&tttlTJHfKSttfck h 2 6 S ^nT-7V-ASSii 

zz.t*!$®tT state (i) tg«$nfcti-2 6s 
40 -fuT-yv-howktjm. 

[0007] (3) mwasm&mxfetfi* yjufta* 

7A, A-fFn+SOVW-f h*?A, -f*>^*7 
*ffl^fct>©T»5MS (2) Ci3«$nfcth2 6S 

^nx7V-A©Sj@*j£. 

[0 0 0 8] jR^T, *«MK^V>Ta6fc^iHltlBW 
5(? ft. *%BJ«C«tD, ^KSl^tt. RK*SOTMM»««flr 
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3 

L1t2 OS^n-f-TV-A (&®m?a?-7-M. ft? 
I«7 5 0 kDa) (Tauaka K. , et al., J.Mol. Bio 
I., 203, 985-996 (1988)] fc*fcJ«te£<e>r>fctt»H : T : 

mt. 2 6s^o5t7v-a (ft? mm 2 , O 0 0 k D 

a) t#«Lfc. 

[0 0 0 9] 2 OS^Dt7V-A», 

-fuT-7-' t?t?>&*s^, z-\i*?>itLrzm8n*ft 

.7-Att, -fa t-7— V£LT<D2 0 S^Dr7V-A 

T^SJifcflttofrofc. £ttMt©*rUMMB 
iUT, ATPa s efSttSfcailiatBj^tcfcofc. 
[0 0 1 0] *|£BJ©t h2 6S^D-r7V-Afi, C 

Ufcgfilg©##^©#fflK&i^©3.fcS1\ #« 

«. 2 6 S ^0^7 V-ACD^SfctBtBra, ^-k**^> 

*iE. ««e?*»jBJiMH«»£w::©:ifc;*?> 

TV>*. m^MGgOflliiLT^ c-myc5BSe 
^Sfe, P 5 3 JgjJJfWa^f (Schef fn-er M. , et 
al., Cell, 63, 1129-1136(1990)]. cdc2+t" tf 
HgSgaStTabSlM? 1 .^ (Clotzer M. , et al., Na 
ture, 349, 132-138 (1991) 5*1-5. fto 

T, *%^©t h2 SS^n^V-A^fflV^JltlC 
<fc0. *fc©*#r:XA©*W^©»«*<ktfiM»fc 
WBT*5. 

[ooii] sfc, 7)vy;\-c^-m^d>mn\z\t=L 
*>. c©^at©jsH©— ?\zm&mz*sv}zm&KftM 

•i" v-«cd^ *-XA©»^ j ?>7;> > y/\-i' 

[0 0 12] Z\<D£t>lZ. *»2 6 S^Dx7V- 
ft«W£tfo8*«8fliT?*. #?g?J]©2 6 S^nx7V-A 

tt»iwttttffl'r*tt#©RHtbTfflv»*ct*iTr* 
5. 

[0 0 13] #SSSBk H2 SS^DxTV-AOWt* 
T©a0Tafe5o #5gfflk h2 6S^Df7V-AUfc 



(3) #B8¥5-2 9 2 9 6 4 

«. k MM, ffR SIS* fflr. MB. fc£ffl£B 
KSSSitfk hffHS5Mia«t, t hl?K«]fi«c»f©»fi[ 
ifflfiatt©ffl)!aHlii» £ tD#^Ci^Tfr-5. ±SBfflifflfla 

g#B©p$m. m%<omi&nftmmzi:zz.tifi-T!2 

BfT-SHttirj. Jffll&B. 5hn>F'J7. UV 

y-A*it;5^DV-A©^H&^€f. ^©iitfciiffl 
BJBfrBil/TBfflTr**. 
[0014] a>a>3»BaBB#a»&©#2§9Ik h 2 6 S 

w. M«ftSMM*iras*fMi bfz&mv&mmmz*. o 
$£mrz>z\tt*T!Zz>. ;rne©#B, nrnx 
stLm s«fj*- ^jSiife. y^i@j**<t*©± 
tLTft^mom&mm-rzum, -i^y^a-wit? 

»«jft«jM^jSfte©««j«*w«"r**iftft£)5«* 

[0 0 15] l^UfcfliS. ATPtt#Mtcalf^> 
a? iB^geRS^I-S 2 6 S ^Dt-7V-A©^I8I, ffi 
BttKfc#B?«HfcWI«l/&2 0 S7 p D7 L 7y-A(' 
JttfcLT, ##KJtl/t». *©a6tLT. (1) 2 6 
ST'n^V-Att. 2 0 S^D^V-AfcJtebT 
^ffflc^jrefc*. (i i) 2 6 S^nr-77-A© 

Stt*«fflt4fc»07 y t-f *©I4W»TiS:W C 
ch (C o 

[0016] **«R«**«r*fca6fc, «m 
*a*afcjis«, (i) <DWkmzi$hT\t2 6saynf 

LTATP*»)B*«4ifcjSJDUT*<2:t^ckD, ft 
[0 0 17] fl£oT> *3BWff*tt* ittt, 

[0 0 18] (i i) OWBC*fl/Tfit 2 6S 

50 *^>fe#ttsas»»^Ocfc^sK^^^ l25 i-u v 
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5 

&[ Tamura T., et ah, FEBS Lett., 292, 154-158 (1 
991)]. 

[0 0 19] £fc, *3BW#*fcL Suc-LLVY-MCA 
j&fcttbT, 2 0S^Df7V-All *SH*S!T** 
*t, 2 6 S ^Df7V-ABgttiT*§ ^<h£H^£: 
U Suc-LLVY-MCA O^Wftft&P^-S £ £ K± D, 2 

(Dfgfcbfco ±12, »ffli«sfc,fc?K #snfc 

#S&9Ik h 2 6S^Df7V-AH fl»Ebfc»*¥W 
[0 0 2 0] ft*. #58M*J:)tfHBK:*^Ttat^» 

waaaiftie^-ca^-rs*^ iupac-iubi: 

[0 0 2 1] Suc-LLVY-MCA y-^- n< vJP 

-□<^-;^j;i/-fD'»- 4 -^^i^ vy a? 

7—7^ H (Succinyl-Leucyl-Leucyl-Valyl-Tyrosine- 
4-Methyl-Coumaryl-7-Amide) 

SDS H^>;WKK^-hU^A (Sodiumu 

Dodecyl Sulphate) 

PAGE #U7^U;KT5 PtftJM (Poly 

acrylamide gel elect-rophoresis) 
[0 0 2 2] 

[0 0 2 3] JdS^U 

k h 2 6 S ^Df yy-ACDUac* ttS7 y Wft 

( i ) aH+?>^e*o»iHStt 

125 ! - U A— ^Ltf^r^> «f«#tt, 

CTamura T.,et al. f FEBS Lett., 292, 154-158 
<1991)]fcttK 125 I -U v /^-Atab'*^>jjg^ 

#*at*?>IS^»** (El, E2, E3) tfflfr* 

(5,000-10*000 cpm) t2 6S^af7V-A€ 
50mM Tris-HCL (pH7.5),5mM MgCh ,2mM ATP,lmM 5^ 
tXHh-W (S^^T100mliC&£J;5£T5) -40 
T?, 3 7t, 6 0-1 2 0M -f >*:x^- h bfco 

fc&Kl, 575ml ©1 0XhU7;V*D»tttl25mlO4 

pj^tt® » * t -* > * -TWfc b fc* 
[0 0 2 4] (2) -&££HSuc-LLVY4ICA <£#mft 
H^jSHtTf** Suc-LLVY-MCA (^^ KWWr 
K) t2 6S^DT7V-Aft, 0.05* SDS #|ET»* 

##<fFfc*^T, lOOmMTris-HCL (pH8.0)+, 
3 7 1C> 10-30 #fSH >+o.^- h bfco K«»4* 50 
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*?M¥5- 2 9 2 9 6 4 
lOOmlOl 0XSDSfc2ml©Tris-Hcl (pH9.0) £SS 

[0 0 2 5] $)kfl2 
t h 2 6 S ^DxTV-ACDSig 
k h 2 6 S ^Or-7V-A(D«iBtt^T, 4 < Ce>&fl=T 

"cfr&v*, tttctt^ftv^«rDfl(9ttrrft5 50 dm th 

s-HCl (pH7.5M m M^^W h-;k5mM MgCh 2 
mM ATP, 20 %#V±U-JI,&m*X* WsfOMff fcftV* 

[0026] (i) tm*m\z&z>tgm 

frfflfek hWE»l 0 0 g£50 mM Tris-HCl (pH7.5Kl 
id M S^frXW h— ;k5 mM MgCh,2 mM ATP,0.25 M 

WXL&o #&n&*^*-M4* 70,100 x g T 
lttlflffitfrU ft6n&±i»»4g«ffl*««tb 
fc. ^©±i(|ft70 t 100 x gT5«ma-£>U #^nfc2 

6 s^nT-7y-A**tottJB*»5 Om l a>«tNl[lr 

**b&. a sic. &»ic* 10,000 g 

T?3 0»BBt-l>U &24 OmgOK&IWBJKSh 
[0 0 2 7] (2) AW^y^ A-1.5m ^fB^DYh 

^57>r-fcJ:*ttH 

jB^t>ST#feit>y;i/*/W*y;P A-1.5m 

(5 x 90 cm) (/Vf;f9*Ftt» fc7:/5>rbSPP 
«ftffl^T60 il/hr©a§ET*fflbfc. Hlfc#&n& 

T«iK77i^'>3>Sf^ S^SttteSuc-LLVY-MCA £ 
JMKTSiStt (1) ) , 0.05 X SDS#ftT^Suc- 
LLVY-MCA ftiMW-TSStt mm (2) ) , ATPase ffift 
(ffli&S (3) ) > ®eSSS (ttfi (4) ) S^T. * 

r7V-A^;^D - ^;Hft fr* ± # U p - ^)VtK 

[0 0 2 8] /t— A (77^ya>#^8 0-9 0) , 
/t— B (7^^->3>#-^l 0 0-1 1 5) W7$i/ 

symttzttm-zt, a®^>«o.o5 % sDSswwtua: 

<Tt> Suc-LLVY-MCA *»»"r«Stt*<»-&*^ BI» 
ttO. 05 X SDS^ft.bT«ba6TSuc-LLVY-MCA 

tflAm#\z\*, 125 1 -yy?-Atafcf+?>i8§# 

BlB^tCH >>iX^>^Df^ >y©**X>6, 
^of7V — A<Z>a>#-*>h*t^$n^Ctx)*to 
*>ofc. ^n^Od<hi;0, AI^e2 6Synf7V 
BI»B2 0Synf7V-Am^i 

[0 0 2 9] (3) A-f KD*S/7/^^ hiQ-iT7 

AW^y;P A-1.5m #5Ack0#£n&2 6 S^Df7 
V-A^trAH^SlOmM U>K*U^A««« (p 
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7 

H6.8) , 1 mM >*^*XW b-)V >2 raMATP,20 %{f 

(1.5x15 cm) (/wt?yHtt» tc7y^-ru 

Litv>7Mi3iy f#sw>o.im U>»*U*A* 

flfffi (pH6.8) , 1 mM WXW h— ^ ,2 mM AT 
P,20 X^UtD-Jl/^ttllfc fl 
[0 0 3 0] ®ttiV> 7Mmm&V¥-®{t L ft Q — tr 
7rP-X^J7A (1.5x15cm) {7r)]s^i/Tlt 

S<0g2pjRT«t#^ K3tLftgaff£2 0 0ml<Z)0 
-0. 8M NaC 1 01I«$JEfc<fcD£HiU 1. 4 
m 1 r^*tHH#S*»fc. 0 2 (A) fcQ— fc7rn 

7^>3>#^£, «ttttSuc-LLVY-MCA *»«fT<5« 
tt (AS (1) ) , 0.05 1 SDS##TTSuc-LLVY-MCA 

zftm?z>m& mm (2) > , ATPaseStt (A« 

(3) ), Naci<D^7T>fx> his mm 

(4) ) SjRT. £ft> 02 (B) fctt. /WtWV A 
-1.5m *7ActD#Snfc2 0S^ , D7 L 7V-AH»fl!) 

#8Sn*->£ (A) tra»K:*T. 02 (A) cfctK 

2 6 S^Df7V-AI»tt0. 3 8MCD«ji«-C?®ffl 
Stl, 0.05 X SDS(Z>#a©^f«fc^^t)6-f-CfSuc-LLVY 
-MCA 0 2 (B) ±D, 2 

0 S^nx7V-AH^»0.05 X SDS##ftl/&^fc, 
Suc-LLVY-MCA £^TSStt£*$fcfr>21£**:brt>o 

fto 

[0 0 3 1] 

(4) #vta-)v&&%&&*bmz&z>mm 

Q-ir7rn-X^DVh^^^^-<t0#^nfe2 6 
S, 2 0 S i»B^ n^t!7 53>PM-10^>^7 

(A) , (B) tt-tn-fn 2 6 SH», 20SH 

mttt, Suvc-LLVY-MCA S^-fSStt (fttt 
( 1 ) ) , 0. 05 % SDS#«TTSuvc-LLVY4JCA £#flTT 
mm (2) ) ATPasefStt (A& (3) ) , AT 

TSStt (AS (4) ) ^^"Tc 

[0 0 3 2] 03 (A) 02 6SI»l:^T, 
va>#^l 4-1 6fc2 6 S7 p P*x7V-AC01$@T 

ttfc£tf0.05 % SDSOfiFffiO#*fc***>6"rTSnc-lL 
VY-MCA *dW)rr61Stti9«*6nfc^ (B) ©20S 
H»fc*ViTtt*&n^ 77^y3>#^18-2 0 

(c2 o s^Df7v-Awgttw»e.nfco 

[0 0 3 3] a»6ill:77?'>3>#fl4-160i 
fcfc«fcD, 2 6S^Df7V-AS»JBt 



(5) $£B!¥5-2 9 2 9 6 4 

»D. 1 2 6 1- U 7 f - A-a 1:+ f >fe^^^t § 
SttlSl 0 * /hr/ug prote-im ATPaseffitt&l 5 0 
-2 0 Onmoles/hr/^g protein , Suc-LLVY4iCA£5ftS 
T£??M£te;l 0 — 2 0 nmoles/min/ug proteinT&o 
fto £ft> Z.0m$L2 6 S^Df7y-A©tt*«»& 

«&ttft4Mkfl*S. *»fc»^fitt»2,O0OkDaTft 

ofto 

10 [0 0 3 4] ^j£flf3 

2 6 S7Dx7 V-AOma*»JCct^«it»W 
(1) SDS-#U7^U*73H««MBKfccfc*«P 
W 

&Jfcffl2 (4) TIWL&2 6S^Pf7V-AW 
«ift*W*MC-rs&«)t, SDS-#U7^U;i/7^ H 
(SDS-PAGE) fC^D^IFrLfto ^Uir 
n-;MB*«JEfcJ:0»6nfc75^->3>6l %SD 
STM> 1 0-2 0%(Z)SS^lE^U7^ , J;i/7^ 

y3>#fl 4-1 6(D®^IC2 6SyPT7V-A© 
J5tt#«#ftTS*** £<0B#fc:tt2 1-1 1 OKDatf) 
A>F*lfcBSttft. ffiot, 2 6S^Df7V-Att 
21-31 KDatf)2 0 S^Df77-At3 5-11 

0 kd a©«*H^ait*«t o**an*e*a:a'& 

[0 0 3 5] (2) 2&7cra^fc<k*fltfr 

2 6.s.^D?7y-A©»^«idcft*6ft:M*fc , rafc 

»fcl#7CBfc**tt©PAGE£, 2^7Cg^SDS 
30 -PAGE*fTtt3 2 5*C7C«ft*ft*ff»:K fijftfiU 

ft. 5 fc^-r. ms^i2 (4) T*ai& 

2 6S^Df7V-AS3-l 0%©*«ttO#U7^ 
UA75Hy*T?»il/&tC^ UOOkDa 
(1) , 1,100k Da (2) , 700kDa (3) <D3*<D 

[0 0 3 6] 2&7GSIC1 0-2 0%C0SDS 

— PAGE *frfc -Dtzt^Z, 700kDalft'&fttt, 2 
1-3 1 kDa02 0S^nf7V-A©3>*-*> 
ht5 0 kDa<7)n>^-^>hckD«JSanTV^il 
40 £#*Jb*>t>fc. — ^> 1, 300 k D a ©fc'&fttt 2 1-3 

1 kD at 3 5-1 1 OkDaiDM^n, 1,100k 
D a 1, 300k D a 0#«Lrt*->fc«{HUT 

cn&CO^<h«^D> l,100kDai700kDa©tt 
&mtl, 300 k D a <D&&m*-mftBL1t*<DT!$> 
0, 2 6S7'nf7V-Aft ttftHctt±a, 1,300 k 
D a am6#T3b* Z £tfit>fr-o re. 

[0 0 3 7] mm®* 

2 6 S^DT-77-A(Datf+5 1 >^liea^»« 
ft 

5^ §yg#J2 (4) Tfflf»Lfc2 6 S7 p Df7 V-AOa tf 
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(6) 

9 

2mMATPSFftTv *S« 2 6 S ;/D*r7 
V-Aft2eBS*S*fcft, SDS-PAGE£frfc 

[0 0 3 8] H6K*^ 

(1) B2 6 S^af 7V-A#»flET©i^ 
l/-> (2) , (3) , (4) % (5) tt**UPn. 
2, 4, 8> 1 0 m g©2 6 S^Dx7V-A4SillL 20 

1 1 6 1 - 'J ^f - A-a Ktf >»^#fl!);t > H 
**, 6 7kDaH±f:*6n&*« (I/-> (1) ) , 2 
6 S^DfTV-AttWL&WB, ^n^©n>H 

tU^>1t. Z.nt><Dm%£Q, «82 6S^Df7V- 
[0 0 3 9] *ffiW5 

2 6S^Df7V-A©ATPas effitt 30 

(4) Tiai/&2 6SyPf7V-A(Z)AT 
P a s ej&tttC^wr, ATPaseCBtfiSlViT 
IH^fco 7 fcjRT. 0 7tC:fcV>T, 8t$ft 

tt, ATPaseiSSlWy7tT^h (A) fc^s 

5> (b) (ommmm^ mm*. atp#st© i26 i 

(1) ) ^tfATP^gge (2) ) 

[0 0 4 0] 2 6 S^DT7V-AI:»ATP»Mtt 
&NM2 (4) TlH«Ufc*^ -CO^ft 

\tATP a s eM^MX^^ri-^ ht^XDm 30 
A©ATPfe#tt<Datf^>ftigeaO»«PfCtt, A 

[0041] mmme 

t h 2 6 S ^Pf7V-A<iD«tt 

[08] 



4$ffl¥5-2 9 2 9 6 4 

i0 
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